Introduction
The complexation properties of imidodiphosphinate [R 2 In addition, the coordination chemistry of Zn II vs. Cd II towards † Electronic supplementary information (ESI) available: Fig. S1 , showing the crystal packing of the complexes, Table S1 with selected structural data, and exhibit a unique signal at 55.7 and 55.9 ppm, respectively, which indicates the exclusive presence of 1,5-S,S′-coordinated ligands in the complexes. [9] [10] [11] The 1 H NMR spectra of complexes in CDCl 3 each contain one set of signals. The signals of the isopropyl CH 3 protons are observed at about 1.40 ppm,7.5 Hz. The latter is exclusively observed when the structure of the H-N-C-N-P fragment meets the so-called "W-criterion" (marked by red in Scheme 1). 12 The low-field shift of the signal for the arylNH protons is due to the formation of intramolecular hydrogen bonds of the type arylN-H⋯OvC. Crystals of the complexes were obtained by slow evaporation of the solvent from CH 2 Cl 2 -n-hexane solutions. Both structures represent spirocyclic chelates and were refined in the triclinic space group P1, each containing one independent molecule in the unit cell. In the crystal, both Δ and Λ enantiomers of the complexes are present due to the inversion centre in the nonchiral space group P1 (Fig. S1 in the ESI †). Such pairs of enantiomers can be expected for nonplanar bis-chelate complexes. 13 Both metal cations are found in a tetrahedral S 2 S′ 2 coordination environment formed by the C-S and P-S sulfur atoms (Fig. 1) . The six-membered M-S-C-N-P-S metallocycles have an asymmetric boat form. The values of the endocyclic S-M-S angles are about 108.9° (Table 1) 3, 112.0, 107.5 and 115.6 were observed in the Cd II analog.
The two values for the N-P-S, Zn-S-C and Zn-S-P angles are very similar in [ZnL 2 ] representing a quite symmetric surrounding. This is not the case for [CdL 2 ] where the corresponding pairs show significant deviations (Table 1) . The lengthening of the C-S and P-S and shortening of the C-N(P) and P-N bonds in both complexes, compared with the values for the parent ligand HL, 9 Table 3 ). The π⋯π stacking seems to be much more efficient in [CdL 2 ] leading to an almost coplanar arrangement (interplanar angle α = 0.03°) and a quite short interplanar distance of 3.756 (3) 
Cg (3) Cg (3 (7) 0.83(4) 1.91(4) 2.637 (3) 146 ( tion of the same coordination polyhedron. 5c,20 In contrast to this, the two here presented compounds represent a rare example in which the increasing size of the central metal ion well-nigh "switches on" a very strong π⋯π stacking interaction leading to a marked change in the supramolecular interactions and crystal structure; e. (Fig. 7) . The compound [ZnL 2 ] is stable up to about 100°C and decomposed in two steps.
[CdL 2 ] is stable up to 140°C and decomposed in three steps with the third step to be poorly defined. The observed final residues of 11.6 and 16.4% are in excellent agreement with the calculated 11.54 and 16.21% for ZnS and CdS, respectively. The formation of these sulfides, each exhibiting a hexagonal form (wurtzite for ZnS and greenockite for CdS, respectively), was proved based on the powder X-ray diffraction analysis with full correspondence with data calculated from a corresponding single crystal analysis (Fig. 8 (Table 4) . These results are in line with the ESI-mass spectra (Fig. 6) , which also suggest a higher stability of the dimer of [CdL 2 ]. Decomposition of the π⋯π stacking interaction energies shows that the dispersion contribution (ΔE dispersion ) is the most important for the overall stabilisation and it contributes as much as −31.6 kcal mol (Table 4) . Quantitatively less important is the electrostatic term (ΔE elstat ), which appeared to be quite similar for both dimers and of about −10.0 kcal mol −1 (Table 4) .
Finally, the least contribution is the orbital interaction (ΔE orb ), which is approximately twice more important for the cadmium-containing system. In order to shed further light on the ΔE orb term we have plotted the overall deformation density (Δρ orb ) upon formation of dimers (Fig. 9) . The formation of both dimers leads rather to internal polarisations within the monomers, no typical charge transfer between the stacking rings is observed. It is noticeable that changes in the electron density are not only within the stacking rings but they also cover further regions including the OiPr groups as well as the sulphur atoms. The domination of the dispersion contribution in such stacking interactions is in line with the literature. 25 We have further performed the geometry optimisation of the monomers of [ZnL 2 ] and [CdL 2 ] in the gas phase based on DFT/BLYP-D3/TZP (Fig. 10) , and the calculated parameters are in qualitative agreement with the experimental values (Tables  1 and 2 and Table S2 in the ESI †).
We have finally performed a preliminary study of bonding in the monomers of [ZnL 2 ] and [CdL 2 ] based on the Quantum Theory of Atoms in Molecules (QTAIM) 26 method as implemented in the ADF program. 23 It was found that in both cases not only the strongest coordinating bonds Zn-S and Cd-S are observed, but also less important secondary intramolecular non-covalent interactions of the types O⋯H-N, N⋯H-C and S⋯H-C. From density values at the bond critical points as well as distances one can further infer that the strength of these interactions decreases in the following order O⋯H-N > N⋯H-C > S⋯H-C. Finally, given the fact that the bond critical points implies that stabilisation exists from the electronic exchange channel between atoms, further studies are required to more deeply describe each contribution of intramolecular close contacts. Neverthless, we believe that these preliminary QTAIM based results indentify important factors that might influence the overall stability of the [ZnL 2 ] and [CdL 2 ] monomers (Fig. 11) .
Conclusions
We have synthesised the Zn II and Cd II complexes [ZnL 2 ] and [CdL 2 ] of the deprotonated N-thiophosphorylated thiourea 2-MeO(O)CC 6 H 4 NHC(S)NHP(S)(OiPr) 2 (HL). The molecular structures of the complexes were studied by IR and NMR spectroscopy revealing two deprotonated ligands with a delocalised 6 π electron S-C-N-P-S system. Intramolecular N-H⋯OvC hydrogen bonds favour the all-trans arrangement of the ligands H-N-C-N-P fragment (the so-called "W-criterion"). In the solid, the structure was elucidated by single crystal X-ray diffraction analysis, revealing that both compounds crystallised isostructural in the triclinic space group P1, each containing one independent molecule in the unit cell. The metal cations display a tetrahedral S 2 S′ 2 coordination environment formed by the C-S and P-S sulfur atoms and strong intramolecular N-H⋯OvC hydrogen bonds were observed within the 2-MeO(O)CC 6 H 4 NH fragments. Both structures are further stabilised by intermolecular π⋯π stacking interactions, which are more efficient in [CdL 2 ] leading to isolated stongly connected dimers. In contrast to this, a second, weaker π⋯π stacking is observed in the Zn analogue which leads to a 1D polymeric structure in the solid. This difference between the two complexes is also reflected in the positive electrospray ionisation (ESI) mass spectrum of the Cd II complex, which exhi- 
X-Ray powder diffraction
X-Ray powder diffraction for bulk samples was carried out using a Rigaku Ultima IV X-ray powder diffractometer. The Parallel Beam mode was used to collect the data (λ = 1.541836 Å).
Single crystal X-ray diffraction
The X-ray diffraction data for the crystals of [ZnL 2 ] and [CdL 2 ] were collected at 173(2) K on a STOE IPDS-II diffractometer with graphite-monochromatised Mo-Kα radiation generated by a fine-focus X-ray tube operated at 50 kV and 40 mA. The reflections of the images were indexed, integrated and scaled using the X-Area data reduction package. 27 Data were corrected for absorption using the PLATON program. 28 The structures were solved by direct methods using the SHELXS97 program 29 and refined first isotropically and then anisotropically using SHELXL-97. 29 Hydrogen atoms were revealed from Δρ maps and those bonded to carbon atoms were refined using appropriate riding models. Hydrogen atoms bonded to nitrogen atoms were freely refined. All figures were generated using the program Mercury. 
